Abstract: Selection of materials, as an area of design research, has been under considerable interest over the years. Materials selection is one of the most important activities in the product development process. Inappropriate decision of materials can cause the product to be reproduced or remanufactured. To avoid this circumstance, one of the useful tools that can be employed in determining the most appropriate material is analytical hierarchy process (AHP). To illustrate the application of AHP, six different types of composite materials were considered. The most appropriate one for suitability of use in manufacturing automotive bumper beam was determined by considering eight main selection factors and 12 sub-factors. The AHP analysis reveals that the glass fibre epoxy is the most appropriate material because it has the highest value (25.7%, mass fraction) compared with other materials. The final material is obtained by performing six different scenarios of the sensitivity analysis. It is proved that glass fibre epoxy is the most optimum decision.
Introduction
The importance of materials selection in the product development process has been well recognized. To develop a systematic method for selecting the best material is not an easy task because the best material is determined by a number of factors that influence the selection process. There are two main reasons why materials selection is required: firstly, to design an existing product for better performance, lower cost, increasing reliability and reduced weight and secondly, to select a material for a new product [1−2] . Materials selection is a main product design consideration because product's overall performance is mainly affected and determined by materials selection process [3] .
There are very limited reports on materials selection for the composite automotive bumper beam. However, several papers discussed the selection of a material for automotive bumper beam. For example, SAPUAN et al [4] employed weighted objective method for the selection of materials for the bumper system. HOSSEINZADEH et al [5] studied several composite materials and conventional materials for automotive bumper beam and characterized them based on the cost, production and weight by impact modelling using LS-DYNA ANSYS 5.7. It is shown that sheet moulding compound (SMC) is best material for bumper beam. SUDDIN et al [6] described the development of the knowledge based system (KBS) for materials selection in bumper beam design. The KBS is an expert system approach to selecting the most suitable material by defining constraint values into the system. However, the above-mentioned methods do not provide easy ways to assist material engineers to determine the most appropriate material. One of the useful tools that provide a sequence way of materials selection process is analytical hierarchy process (AHP). AHP is a basic approach to decision making, which is designed to cope with both the rational and the intuitive to select the best from a number of alternatives evaluated with respect to several criteria [7] . Decision support system (DSS) resource defines AHP as an approach to decision making that involves structuring multiple choice criteria into a hierarchy, assessing the relative importance of these criteria, comparing alternatives for each criterion, and determining an overall ranking of the alternatives [8] .
Generally, implementing AHP is based on experience and knowledge of the experts or users to determine the factors affecting the decision process [9−10] . According to Refs. [11−12] , AHP is an intuitive method for formulating and analyzing decisions. The advantages of using AHP include achieving higher quality product and shorter product development process. AHP helps to capture both subjective and objective evaluation measures, thus providing a useful mechanism for checking the consistency of the evaluation measures and alternatives suggested by the team, and reducing bias in decision-making. AHP allows organizations to minimize common problems of decision-making process, such as lack of focus, planning, participation or ownership, which ultimately are costly distractions that can prevent teams from making the right choice [8] .
AHP has been widely used to solve multi-criteria decision making in both academic research and in industrial practice. It has been implemented in almost all the applications related to decision-making and currently predominantly used in the theme of selection and evaluation especially in the area of engineering, personal and social categories [13] . Although, AHP has been widely used in solving decision making problems, it is still very limited in making right decision in field of materials selection process. HO [9] reviewed international journals related to application of AHP from 1997 to 2006 and found that AHP can be implemented in a wide variety of fields. However, there are a few studies on the application of AHP related to the materials selection for the composite automotive components. Only one paper discussed the use of AHP in material selection process [10] .
The literature reviews indicate the above researchers have not addressed the use of AHP to determine the most appropriate material for the composite automotive bumper beam. The aim of this work is to assist designers to evaluate and determine the most optimum material by implementing AHP.
Selection of materials at conceptual design stage
The proposed framework for the selection materials process during concept selection at the conceptual design stage is shown in Fig.1 . The selection method helps the designers to determine the best material in concept selection at the conceptual design stage. A fundamental issue in polymeric composite automotive components particularly related to the selection of materials is a main focus. Thus, this work is only addressed in terms of selecting the best material in the context of concurrent engineering environment. Then, AHP, as a decision support tool, is linked to the framework in order to determine the most appropriate material for the automotive components. After the best material is determined or called material selected, various scenarios of the sensitivity analysis are performed to test the stability of the priority ranking and to increase the confidence in the choice of material in order to carry out the final decision.
Selection of materials for polymeric composite bumper beam
The use of composite materials has been rapidly increased in automotive industry. Automotive industry faces greater market pressure to develop high quality products more quickly at lower cost. To determine the right material is a crucial decision in the automotive industry. In recent years, the use of composites has been greatly focused on automotive components such as automotive bumper system. The bumper system is generally recognized as being composed of four basic components of bumper fascia, energy absorber, bumper beam and bumper stay, as depicted in Fig.2 . One of the most important components of bumper system is the bumper beam. It plays an important role of absorbing the bulk of energy and provides protection to the rest of the vehicle [14−15] . Therefore, it is important to determine the right material for the automotive bumper beam.
Various polymeric-based composite automotive bumper beams
Composite bumper beams become more common due to the increased number of low volume vehicles and Fig.1 Framework of selection process at conceptual stage in concurrent engineering environment
